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Optimization and Simulation Evaluation of
an All-to-all Communication Using Packet Pacing

HIDETOMO SHIBAMURA,! HIDEKI MI1wa, 2
RYUTARO SUSUKITA,! Tomoya Hirao, !
YUuicHIRO AsiMA, 2 Ikuo MryosH,
TosHIYUKI SHIMIZU,? HIROAKI ISHIHATAT?
and KoJ1 INOUE™

This paper presents quantitative performance evaluation and optimization of
A2AT, an optimal all-to-all communication algorithm. This algorithm exploits
the network bandwidth of 2D-torus network which nodes can transmit and
receive multiple messages simultaneously. The A2AT is compared with con-
ventional all-to-all algorithms and performance improvement by explicit packet
pacing is examined by using an interconnection network simulator NSIM. The
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result shows that A2AT achieves good performance than the other algorithms
and holds higher link throughput with packet pacing.
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/In = Xsize = Ysize

for (i0; i<n; i+ ) {
if(0<i8&&i<=(n-1)2)(

I/ Phase 1
irecv(-i, 0, msg_size, NICO, &_req[0] );
irecv( i, 0, msg_size, NIC1, &_req[1] )
irecv( 0, -i, msg_size, NIC2, &_req[2] );
irecv( 0, i, msg_size, NIC3, &r_req[3] );
isend( i, 0, msg_size, NICO, &s_req[0] );
isend(-i, 0, msg_size, NIC1, &s_req[1] );
isend( 0, i, msg_size, NIC2, &s_req(2] );
isend( 0, -i, msg_size, NIC3, &s_req[3] );
waitall( 4, s_req, s_stat );
waitall( 4, r_req, r_stat );

i7(0<i8&i<=(n1)2)(

I/ Phase 2
irecv( -i -i, msg_size, NICO, &r_req[0)] );
irecv( i, i, msg_size, NIC1, &r_req[1] );
irecv( i, -i, msg_size, NIC2, &r_req[2] );
irecv(-i, i, msg_size, NIC3, &r_req[3] );

isend( i, i, msg_size, NICO, &s_req[0] )
isend( -i, i, msg_size, NIC1, &s_req[1] );
isend(-i, i, msg_size, NIC2, &s_req[2] );
isend( i, -i, msg_size, NIC3, &_req[3] )
waitall( 4, 5 _req, s_stat );
waitall( 4, r_req, r_stat );

for (j=0; j<n; j++ ) {
if(0<] 88 <i8&i<=(n-1)2){
I/ Phase 3

irecv( i, j, msg_size, NICO, &_req[0] )
irecv( i, -j, msg_size, NIC1, &r_req[1] );
irecv( j, i, msg_size, NIC2, &_req[2] )
irecy( -, -i, msg_size, NIC3, &_req[3] );

isend( -i, 5, msg_size, NICO, &s_req[0]
isend( i, j, msg_size, NIC1, &s_req[1]

isend( . i, msg_size, NIC3, &s_req[3] );
waitall( 4, s_req, s_stat );
waitall( 4, 1_req, r_stat );

isend(j, -, msg_size, NIC2, &s_req(2] ); 1}

Il Phase 4

irecv( -, i, msg_size, NICO, &r_req[0] );
irecv( j, -i, msg_size, NIC1, &r_req[1] );
irecv( -, j, msg_size, NIC2, &r_req(2] );
irecv( i, 4, msg_size, NIC3, &r_req[3] );
isend( j, -i, msg_size, NICO, &_req[0] );

isend( i, -, msg_size, NIC2, &s_req[2] );
isend( -i, j, msg_size, NIC3, &s_req[3] );
waitall( 4, 5 _req, s_stat );
waitall( 4, r_req, r_stat );
}
}
}

)
isend(-j, i, msg_size, NIC1, &_req[1] );
)
)

B/ — FEREORTIz—X

01 00oo0ooooooooo
Table 1 Specification of evaluation system.

ooooo

ooo

if (n%2==0){
for ( k=1; k<= n/2-1; k++ ) {
I/ Phase 5
irecv(-n/2, -k, msg_size, NICO, &r_req[0] );
irec( n/2, k, msg_size, NIC1, &_req[1] );
irecv( -k, -n/2, msg_size, NIC2, &r_req[2] );
irecv(  k, n/2, msg_size, NIC3, & _req[3] )
isend( n/2, k, msg_size, NICO, &s_req[0]
isend(-n/2, -k, msg_size, NIC1, &s_req[1]
isend( K, n/2, msg_size, NIC2, &s_req[2]
isend( -k, /2, msg_size, NIC3, &s._req[3]
waitall( 4, s_req, s_stat );
waitall( 4, r_req, r_stat );

%
)i
)
%

}

I/ Phase 6

irecv( n/2, ni2, msg_size, NICO, &r_req[0] );
irecv(-n/2, 0, msg_size, NIC1, &_req[1] );
irecv( 0, -n/2, msg_size, NIC2, & _req(2] );
isend(-n/2, -n/2, msg_size, NICO, &s_req[0] );
isend( n/2, 0, msg_size, NIC1, &s_req[1] );
isend( 0, n/2, msg_size, NIC2, &s_req(2] );
waitall( 3, s _req, s_stat );

waitall( 3, r_req, r_stat );

04 A2AT0000O0DOD
Fig.4 Algorithm of A2AT.
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02 00100000000
Table 2 Evaluation parameters for exp.1.
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Fig.6 All-to-all link utilization.

oo 1o0oo000o

boboooboooooooobboboobboboOO sUbUUbOOObOOO0Oba2at 0 pwx
Oring00000000CO0O000O0O0O0ODOOO 60000000000 a2at00
gooad

oooooooobooooooooooooooooooo000 700a2at-8x800
oooobOoooooooooooodoo+Xo0-Xo4YO-YOooooooooooao
OAVEOOOOOOOD

ooo0oobo4000010000000000O0O0O0DODOO0COCOOO011000000
O000o00000o00DO0o0oU0oU0o0ooOoo4GB/s0OD0O0O0OUOODDOOOO
O000oo0o0oo00ooo0oooooooooooo véooooooooooooo
O000o000o0o0o0o00oooooo0ooooooooOo veoooooooooooo
o000 8O00000O0OO0OO00OOO0OO0OO+XO0-XO04YO-YOOOOOOOOOO
gobobooobooooooobooooooboooobooobooo

OgrvooooobooooooboooboooboobooOobOoOoboboobOOooboOoDno

000000000 0OobDOoooOoooooog Vol.4 No.3 56-65 (May 2011)

— 4X —— X — +Y —— -Y e AVE. —4X:VC0 —+X:VC1 —-X:VCO —-X:VC1
——+Y:VCO ——+Y:VC1 —-Y:VCO ——-Y:VC1
40 100%
3.0 80%
60% T
40% \I

20%

VC buffer utilization (%)

0%

Link throughput (GB/sec.)

0 50 100
0 50 100

Elapsed time (msec.)

08 a2at-8x8 000 VCOOOOOOO
Fig.8 Average VC buffer utilization of a2at-8x8.

Elapsed time (msec.)
07 a2at-8x8 000000000 DOOODOOODO
71.3 msO
Fig.7 Link throughput of a2at-8x8.

— #X — X — +Y —— Y — AVE.
__ 40

S

a

<L 30

-]

o)

= 20

3

o

B 10

S

< 00 +————

'E

£ 0 50 100

Elapsed time (msec.)

09 a2at-9x9 0000000000000 O000O84.0ms0
Fig.9 Link throughput of a2at-9x9.

ooooO0o0oOooooboboOoODbOobobobbOOb3a2msec.000O0OOOOOOOODOOO
0000000000000 0000000000000000000A2ATO0O0O0O0OO
goooobootoooooobooooobooooooboooooboooOooOoOooOoDOOoOoOOooo
goooooboooooboobooooooobooooooobobooooooboobOoooooboo
obobooouobobooobooooboooboOo0ooboOoouonbODbD 900a2at-9x90000
gooobooboooooooboooooobooboobOoooobooboooooobooboOoooooDoon
gooooooooooboooboooooooobooOoooooboobocboooooDbonoo
oo

4.3 U0 200000000000000O000

A2ATO0000000000C00O0O000O0D0O0O00O0O00ODOO0DOOO0ODOODOO

© 2011 Information Processing Society of Japan



60 O00OO0OO0O0O0O0O0COOOO0OOOOOO0OOOOOOGOOOO0O0O0

03 00200000000
Table 3 Evaluation parameters for exp.2.
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Fig. 15 Efficiency of packet pacing.
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Table 4 Evaluation parameters for exp.3.
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